Observations made during these investigations agree with the findings of various authors concerning atresia and follicular growth. In addition the results demonstrate that it is possible to induce the resumption of meiosis in rabbit oocytes without ovulation. This will be a useful tool for further investigations of changes in the chromosomal events during preovulatory ageing.
Summary
Observations made during these investigations agree with the findings of various authors concerning atresia and follicular growth. In addition the results demonstrate that it is possible to induce the resumption of meiosis in rabbit oocytes without ovulation. This will be a useful tool for further investigations of changes in the chromosomal events during preovulatory ageing.
During fetal life the meiotic division of mammalian oocytes is arrested at the diplotene stage of prophase I. At this stage the chromosomes are distributed diffusely in the oocyte nucleus. Shortly before ovulation meiosis resumes in response to the surge of gonadotrophic hormones.
. Atretic follicles which occur at all stages of the oestrous cycle and in all sizes of follicles have been investigated in the majority of laboratory and domestic species (for review, see Ingram, 1962; and Jones, 1970) . Furthermore, ultrastructural studies examining the sequence of events taking place during atresia have been described by Zamboni (1970) , Hay, Cran & Moore (1976) and Peluso, England-Charlesworth, Bolender & Steger (1980) . These studies have shown that in early stages atretic follicles are characterized by pyknosis and degeneration of the granulosa cells, whereas thecal-cell hypertrophy dominates during later stages.
The object of the present study was to elucidate in rabbits the relationships between follicular growth, meiotic maturation and atretic processes in preovulatory follicles after hormonal stimulation with gonadotrophin and LHRH. Ovaries were removed 8 or 16 h after treatment followed by fixation in Bouin's fluid, embedding in paraffin wax and cutting serially in 8 J.lmsections. Depending upon its size the whole ovary or half was cut. Sections were stained with haematoxylin and counterstained with Chromotrope 2R. Each individual section was examined microscopically with reference to: 1. follicle and oocyte size as described by Pedersen & Peters (1968) 2. atresia as classified by Hay et al. (1976) and 3. resumption of meiosis.
Materials and methods
The diameter of follicles and oocytes was measured in sections containing the oocyte in which the chromosomes were visible. The follicles were classified into 1 of 4 groups on the basis of extent to which they had become atretic (non-atretic = 0; atretic = I, n, HI). Non-atretic follicles (0) exhibited no clear signs of structural changes. First degree (I) and second degree atresia (II) was characterized by an increasing number of degenerated cells and atretic bodies. Third degree (III) atresia showed a widespread cellular disintegration of the membrana granulosa.
The stages of the first meiotic division of the preovulatory oocyte could be distinguished into 5 classes: germinal vesicle (GV); diakinesis (DIA); metaphase (MI); telophase (TELa); and metaphase II (MlI). Resumption of meiosis was recorded as soon as germinal vesicle breakdown became obvious. In addition, the number of corpora lutea (CL) were noted. Oocytes whose chromosomes could not be examined, usually because a particular section was either damaged or missing, were placed into a separate category (M = missing).
Results
Under the various treatments performed in this study several parameters were investigated: stage of oocyte maturation, size of follicle and oocyte, and degree of atresia. During histological examination, stages of oocyte maturation in follicles larger than type 6 of the classification by Pedersen & Peters (1968) were studied and the number of corpora lutea was recorded. The proportions of the various stages of chromosomal development are summarized in Tables 1 and 2 .
Bonhoff & Adams indicate that with increasing gonadotrophic stimulus a shift in the proportion of preovulatory stages towards later stages had taken place (Table 2) .
At 16 h after treatment two-thirds of the does receiving 5 IU or 10 IU hCG and all 3 does treated with 0·2 ml Receptal had ovulated. However, none of the animals which received 2·5 IU hCG ovulated. This indicates that the gonadotrophin threshold for the induction of ovulation for these animals lies between 2·5 IU and 5 IU hCG.
The relationships between meiotic divisions and other events induced by gonadotrophin stimulation, such as atresia and growth of oocyte and follicle, were also studied.
There was a considerable overlap in oocyte size when follicle classes 6-8 were compared. Although oocytes in class 6 had already reached their maximal size (86·6 ± 12~m) follicles continued to grow rapidly and nearly doubled their size from 631·6 ± 219·9~m in class 6 to 1128·0 ± 355·1~un in class 8 (Table 3 ). The distribution of meiotic stages in oocytes is arranged in relation to the morphological classes of the follicles in Table 4 . The findings suggest that the more developed a follicle is the more mature its oocyte.
Atresia was observed in follicles containing oocytes at all stages of meiotic maturation, yet the proportion of oocytes involved varied considerably (Table 5 ). In the GY stage, 76% of the oocytes were in healthy follicles which showed no sign of atresia. However, the % of non-atretic follicles fell below a third and progressing degrees of follicular deterioration were associated with later stages of meiosis, thus demonstrating a complete reverse in the extent of atresia between early and later meiotic stages. Therefore, there appears to be a direct relation between follicular atresia and the stage of oocyte maturation.
Discussion
Histological examinations of either whole or half ovaries were used assuming that the variance in one half of an ovary was the same as throughout the whole organ (Cahill, 1979) . All large follicles (type 6 or more) from rabbit ovaries were evaluated and classified.
A dose-dependent increase of oocyte maturation with increasing amounts of hCG administered could be observed 8 and 16 h post injection (Tables 1 &  2) . When samples were taken 16 h after treatment it became obvious that for some does (two-thirds) 5 IU or 10 IU hCG were sufficient to cause ovulation. These doses arc much lower than the normally recommended levels of 20-25 IU hCG (Shaver & *Classification according to Pedersen and Pctcrs (1968) 27 (19, 9) 28 (20·6) 55 (40-4) 6 ( 4·4) 20 (14-7)
"Classification according to Pedersen and Peters (1968) Soupart (1966) claims to use even higher amounts to achieve ovulation.
A dose of 2·5 IU hCG caused no ovulation of preovulatory follicles; however, oocyte maturation and atresia were not inhibited. The maturation of the oocyte predominantly involves the condensation and separation of the chromosomes in meiosis. Histological examinations showed many oocytes in early stages of meiosis although some had proceeded to MIl. The latter may have matured more rapidly or have been taken from atretic follicles, for those were found to contain the most mature oocytes.
Morphological and histochemical characteristics of atretic ovarian follicles have shown that atretic follicles are determined by pyknosis and degeneration of the granulosa cells in early stages and theca-cell hypertrophy in the final stages (Hay et al., 1976; Peluso et al., 1980) . The data indicate that follicles of all types may become atretic.
In this study 76·1 % of follicles containing oocytes in the GV stage were free of signs of atresia, whereas, this figure reversed when follicles with oocytes in MIl were investigated.
Here 72·1 % showed signs of degeneration and although the granulosa cell layer had deteriorated, the oocyte still possessed an intact membrane. Since the granulosa cells are thought to be a nutrient source for the oocyte, degenerative changes within the follicles are detrimental to the oocyte. As the temporal relationship suggests the follicle deteriorates prior to the oocyte.
The number of follicles undergoing atresia is in agreement with the investigations of Pincus & Enzmann (1937) , who claimed that the total number
